Bread wheat (Triticum aestivum L.) is the most widely cultivated and important food crop in the world. The development of high yielding wheat cultivars is the major objective of breeding programs. The genetic variation for the trait under selection and a higher heritability are necessary to have response to selection (F������� & M����� 1996) .
Knowledge of the genetic association between grain yield and its components can help the breeders to improve the efficiency of selection. Therefore, it is important to study the relationships among the characters and to find their direct and/or indirect effects on grain yield. Although the relationship between yield and other agronomic characters in wheat has been studied by a number of workers (S���� & S������� 1971; E����� & W����� 1989; M�������� et al. 1997) , it is not fully understood (C������� et al. 2003) . In the studies conducted by B���� (1973) , J������ et al. (1974), and S���� and S����� (1979) , grain yield was positively correlated with number of heads per plant, number of grains per head and grain weight. The positive direct effects of number of heads per plant, number of grains per head, grain weight and harvest index on grain yield has been reported in wheat (E����� & W����� 1989) .
The objective of this work was to investigate the genetic variation, estimate the heritabilities, and study the relationships among the characters, Japan, gsaeidi@cc.iut.ac.ir, sayedt@cc.iut.ac.ir and suenagak@affrc.go.jp Abstract: A doubled haploid (DH) population consisting of 157 lines derived from a cross between Fukuho-kumogi and Oligoculm was evaluated for agronomic characters in this study. Highly significant differences were detected among DH lines for all of the characters investigated, including grain yield and its components. Estimation of phenotypic and genetic coefficients of variation indicated that peduncle length, spikes/m 2 , plant height, grains/spike and grain weight/spike had higher variation than the other characters. The narrow sense heritability ranged from 63% for grain yield to 99% for plant height. Grain yield correlated positively with each of biological yield, spikes/m 2 , harvest index and grain weight/spike. There was no correlation between grain yield and heading date or maturity. Based on regression analysis, the most important components for grain yield were recognized as grain weight/spike, spikes/m 2 and spikletes/spike, which contributed to 64.2%, 28.4% and 0.5% of its variation, respectively. Path analysis revealed that grains/spike had the largest direct and positive effect on grain yield. The lowest direct and positive effect on grain yield was found for 1000-grain weight. The largest indirect and negative effect on grain yield was related to spikes/m 2 via grains/spike. These results implies that grain yield of this population can be improved by improvement of the spikes/m 2 and grains/spike. Czech J. Genet. Plant Breed., 41, 2005 (Special Issue) including grain yield and its components, in a wheat DH population.
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MATERIALS AND METHODS
A DH population of bread wheat (157 lines), which was developed from a cross between a Japanese wheat cultivar Fukuho-komugi and a breeding line Oligoculm (A����� & J����� 1977) with their parents were evaluated in this study. The DH lines were produced by wheat × maize crosses (S������ 1991) . The Fukuho-komugi had a normal spike size and spike number, while the Oligoculm showed extremely large spikes with restricted spike number (A����� & J����� 1977) The variance components, phenotypic and genetic coefficient of variation (PCV and GCV) were computed as suggested by B����� and D�V��� (1953) . Genetic correlation coefficients were estimated based on the formula of M����� et al. (1958) , using the genetic variance and covariance components. Since, the genetic variances among DH lines consists of 2σ 2 A (additive variance), the estimated heritabilities were considered as narrow-sense (H������ & M������ 1998) . Stepwise regression analysis (M��������� & P��� 1992 ) was used to find the important characters contributing to grain yield variation. Path coefficients analysis (D���� & L� 1959) using genetic correlation coefficient was performed to determine the direct and indirect effects of grain yield components on grain yield.
RESULTS
Highly significant differences were observed among the genotypes for all the characters, indicating that there was genetic variation for these characters (Table 1 ). The genetic coefficient of variation (GCV) was high for peduncle length, plant height, spike/m 2 , grains/spike, grain weight/spike and grain yield and it was moderate for spike length, biological yield, grain yield, grain weight and harvest index (Table 1) . However, the heading date and maturity had the lowest GCV among the genotypes. The narrow-sense heritability ranged from 63% for grain yield to 99% for plant height (Table 1) . High heritabilities were estimated for all the characters, except for maturity, spikes/m 2 and both biological and grain yield which had relatively moderate heritabilities (Table 1) .
The heading date and maturity were positively and highly correlated. Maturity had relatively high and positive correlation with grains/spike and moderately correlated with spikelets/spike and spike length (Table 2) . No considerable genetic correlation was observed between maturity and each of grain yield, harvest index and biological yield. However, the genetic correlation between maturity and 1000-grain weight was moderate and negative. Plant height showed positive correlation with biological yield, but it was negatively correlated with harvest index and spiklete compactness. Grain yield was positively correlated with biological yield, spikes/m 2 , harvest index and grain weight/ spike. Grains/spike had positive correlation with grain weight/spike, spikletes/spike, spike length, heading date and maturity. The results of regression analysis for grain yield as dependent variable and other characters as independent variables were presented in Table 3 . Based on the partial coefficients of determination (R 2 ), spikes/m 2 and grain weight/spike contributed approximately 28.4% and 64.2% in grain yield variation, respectively. However, spikletes/spike had the lowest, but significant contribution in grain yield variation.
The path analysis showed that grains/spike, spikes/m 2 and 1000-grain weight had positive Czech J. Genet. Plant Breed., 41, 2005 (Special Issue) direct effects on grain yield (Table 4) . Large direct effects on grain yield were observed for grains/spike (1.333) and spikes/m 2 (1.172). However, 1000-grain weight had the lowest direct effect on grain yield. Although grains/spike had the largest and positive direct effect on grain yield, but it showed large and negative indirect effects via spikes/m 2 and 1000-grain weight resulted in a low genetic correlation between this charter and grain yield. Spikes/m 2 had negative indirect effect on grain yield only via the grains/spike and it showed higher genetic correlation with grain yield than the spikes/m 2 and 1000-grain weight. Positive direct effect of 1000-grain weight on grain yield was cancelled by its negative indirect effects via grains/spike, resulted in having a very low genetic correlation with grain yield.
DISCUSSION
Phenotypic and genetic coefficients of variation showed that there was high genetic variation among the DH lines for all of the characters, except for maturity and heading date. The existing genetic variation indicates that the population has high genetic potential for improvement of the characters by selection programs. Selection efficiency for a character is dependent on the magnitude of its heritability and genetic variation (F������� & M����� 1996) . High heritabilities for most of the characters in this study indicate that they can be successfully improved by selection. The lowest heritability for grain yield in this study was in agreement with the results of the others (S������ et al. 1976; E����� & W����� 1989; B���� et al. 1993; M�������� et al. 1997) . The lower heritability for grain yield than the yield components and also the existing positive genetic correlation between this character and its components suggest that selection based upon the yield components may be more effective to improve grain yield. The results of this study showed that grains/spike and spikes/m 2 had more contribution in grain yield variation and they can be considered as selection indices for grain yield improvement. No considerable association between grain yield and each of plant height, maturity and heading date indicate that simultaneous improvement of earliness, dwarfness and grain yield in this population is possible. 
